Restrictions in the scan volume of typical 3D body scanners, such as the 3dMD Body Scanning System, have imposed severe limitations in their use for creation of 3D models for the purposes of human animation. For these purposes, the ideal pose is to have the human subject stand with the feet shoulder-width apart and arms held completely horizontal at the shoulders (known as a T-Pose). This pose, however, is difficult to capture, especially for taller individuals whose arms may not fit within the capture volume. As a result, scans are typically collected with arms down towards the body rather than parallel to the ground. With these scans, animators are forced to choose between creating a completely fictional human (e.g. an artist's rendition) or painstakingly modifying the scan to arrange the underlying 'bones' into the proper T-Pose. One type of 3D mesh file utilizes a process known as vertex mapped texturing, in which an RGB color value is assigned to each vertex in the mesh. Another method is known as texture mapping, in which a separate texture file is created that 'wraps around' a geometric mesh. This process usually leads to visually pleasing scans; however, some difficulties arise with these files. For instance, the texture mapping process makes it impossible to merge scan files together while retaining color/texture information. This paper explores a method of generating 3D mesh models in two major scan formats, through the use of merging multiple scans and a series of software operations to reduce the amount of time and effort required by animators/computer graphics professionals.
Introduction
When taking a 3D scan of a human subject, the resulting mesh file can be used in many ways. One example is to use the subject as an 'actor' in animation purposes. In this process, the subject scan is matched to an underlying skeleton (Fig. 1) . The skeleton is then animated which results in corresponding animated movements in the subject scan.
Fig. 1. Biped Skeleton (used for Animation).

*eennis@infoscitex.com
Proc. of the 4th International Conference on 3D Body Scanning Technologies, Long Beach CA, USA, 19-20 November 2013 For this mapping process, the skeleton is arranged in a pose with the feet shoulder-width apart and arms held completely horizontal at the shoulders (commonly referred to as a T-Pose). This introduces a problem in that most 3D body scanners do not possess a large enough scan volume to collect subjects in a T-Pose, particularly for the extended arms. For many researchers, the solution is to modify the pose of the subject at the time of scan to gain full visibility of the subject. This is done by moving the arms closer to, but not touching the body, so that the arms are distinct shapes that can still be captured in the volume.
A standard pose (Fig. 2) was defined in the Civilian American European Surface Anthropometric Resource (CAESAR) Survey [1] . However, scans in this configuration cause difficulties for computer graphics personnel when matching the individual's mesh to the animation skeleton since the poses are different. Additionally, most animation software packages require a specific 3D mesh format with an associated (but separate) image file, which maps to the underlying geometric mesh. Decoupled mapping causes a problem with the traditional methods that could be used to reconcile various scanned poses when they are mapped to an animation model. This paper will detail a process for reducing the time and effort required for animators in manually resolving these issues. 
Background
Since the advent of 3D scanners designed for human data collection, a dilemma has been present regarding the trade-off between increasing scan volume (usually by moving stationary sensors further from the subject) and decreasing the level of detail for a scan. A good balance has been reached in most of today's scanners. This balance, however, often fails to capture the entire human when a pose is taken in which the subject's arms are spread wide. Typically researchers pose the subject in a non-standard T-pose in order to get the entire person in the scan volume. While some of the newest scanners on the commercial market available greatly increase the scan volume, these scanners often require a large number of cameras, and are quite expensive. Hand-held scanners are also an option, however, the time required for scans is typically quite long, which causes movement artifacts to be more pronounced. In testing conducted by Infoscitex, two standard poses were used to scan individuals. The aforementioned, CAESAR pose and an alternate CAESAR pose (Fig. 3 ) in which the arms are horizontal beginning at the elbows. These poses can fit in most scanner capture volumes, but using them introduces new problems. In these poses, mesh files often have holes where the subject is selfoccluding the view from the sensor. Additionally, insufficient resolution can be present in areas where the limbs meet the torso. The underarms of many mesh files are often not well defined due to the arms being too close to the body. (Fig. 4) For the purpose of using a mesh file for animation, poor resolution in the underarm area causes problems that are unacceptable as activities where the animated model reaches overhead or outward, away from the body, look unrealistic. The animator is forced to become a 'body-artist' in these problem areas modifying the scan manually in order to correct the missing or poor resolution data. In the example of the under-arms, the animator must make a decision about where the arm ends and where the torso begins. When this is done, some of the advantages of using the 3D scan are lost, as ground-truth accuracy is replaced by an artist's interpretation of the subject. An additional consideration of this paper is the format of the resulting mesh created from the scanner. There are two separate types of scan files. For this paper they are defined as 'texture-mapped' or 'vertex-mapped' files. Texture-mapped files include a geometry file as well as a separate image file, often a .bmp. When the scan file is opened, the image file is wrapped around the geometry of the scan. The image data is mapped to individual faces of the scan. By doing this, the models look realistic as they contain many different pixels of image data related to a single polygon. While the scan file looks better to the average viewer, the underlying geometry can be quite sparse. For this reason, animation software packages overwhelmingly require this format.
Vertex mapped files are meshes that contain the geometric points of a file with an XYZ value in addition to an RGB value. In this way the color is mapped onto each vertex. The advantage of this is that it allows for most software packages to interpolate color from nearby vertices when holes are filled. Additionally, the actual geometric point cloud tends to be more condensed, making for smoother surfaces with more accurate curvature values.
These issues highlighted a need to have a more encompassing subject capture to enable a more accurate scan file for animation and to reduce the processing time required by animators to create animation files.
Process
Laboratory personnel have developed a method to create a 3D mesh file of a subject oriented in a standing posture with the feet shoulder-width apart and arms held completely horizontal at the shoulders (known as a T-Pose). This pose is the standard for animation purposes and would be helpful for other data uses as well. The process undertaken utilizes the 3dMD Body Scanning System, though it can be replicated with most any scanner. Most configurations of this scanner attempting to get high resolution scans do not have a large enough volume to capture the full volume of a subject's arms in the T-Pose. However, the scanner's high resolution capture capabilities along with open source software MeshLab and commercial package Innovmetric's Polyworks, allow a Tpose to be generated with a small amount (10-15 minutes) of processing by human and machine.
Data Collection Phase
Step 1:
Place markers on the subject's arms that will be towards the edge of the scan volume when the arms are extended. Usually this maker will be placed close to the elbow, however, this will vary based on the scanner volume and the length of the subject's arms. These markers will be utilized to find common points when multiple scan files will be merged together. In the laboratory, 3 dimensional stickers (Fig. 5) are utilized to have an excellent frame of reference when color data is not available or insufficient. While these markers are not necessary to perform the merge, they do provide for faster merge results. 
Step 2:
Place the subject in the center of the capture volume and scan while assuming the t-pose. The scanner will likely 'cut off' the subject's arms at approximately each elbow. Ensure that the landmarks placed in step 1 are visible.
Step 3 & 4:
Move the subject to the left most portion of the volume and collect a scan of their right arm. Repeat the process in the rightward direction for the left arm. The three scans obtained in steps 2, 3, and 4 are sufficient to generate a vertex-mapped model.
Step 5 (optional):
Move the subject back to the center of the capture volume and take a scan with the entire body in the volume (most likely a CAESAR pose). This step is optional, but necessary if a texture mapped model is required. This is done to have a singular file in which all of the color data is stored.
Data Processing Phase
Step 1:
From the first three scans export the three T-pose meshes as 'vertex-mapped' scan files. Clean and hole-fill these files using a software package such as Innovmetric's Polyworks. For this purpose, we export the files as vertex-mapped .ply files. This allows scan manipulation software packages to edit meshes in color. Polyworks is commercial software, however, open source software, such as Meshlab can also be utilized. IMEdit is the Polyworks package that allows for scan file cleaning.
Step 2:
Import the newly cleaned files into IMAlign. Align, then merge the three files. Export the merged file. Using the 'N-Point Pairs Alignment' feature, which relies on a minimum of three points to align objects, select the 3D bumps placed around the elbow joint to align the two images (Fig. 6) . Then use the same method for the opposite arm. Once the left and right arm images have been aligned properly, the IMMerge tool merges the three files together into one vertex-mapped .ply file (Fig. 7) . At this stage, we have achieved one of our initial goals of having a 3D mesh file in a T-pose. Users may choose to stop processing at this point if they are satisfied with the use of a vertex-mapped file. 
Step 3:
Convert the newly merged file to an obj file. The obj format is preferred by animation software packages. However, at this point, the mesh file created is a 'vertex-mapped' file. When vertexmapped files are imported to most animation packages, the color information is lost from the file. A colorless geometry file is the result (Fig. 8) . For animation purposes, a texture-mapped file, in which the texture of a mesh is mapped to a separate image file, is required. This necessitates several additional steps. Note: if a texture-mapped file is not required, the process ends at Step 2. 
Step 4:
Export a texture-mapped .obj file from the scanner in the original compact pose (likely a CAESAR Pose). When this mesh is exported from the scanner, the obj file is created, along with a specialized image file (in this case a .bmp) is created which wraps over the existing geometry.
Color Baking Phase
At this point, we have two completed mesh files: a clean, hole-filled, T-pose which is colorless for animation purposes (Fig. 8) and a 'straight from the scanner' CAESAR pose file (obj) with color mapped to it (Fig. 9) . Using animation software (in this case 3D Studio Max (3dsMax) by AutoDesk) the two files undergo a process we call color-baking. In this process the texture/color from (in this case) the CAESAR scan pose is baked onto the colorless geometry of the T-pose scan. 
Step 1:
Load a template model. Infoscitex has created a CAESAR template model (Fig. 10) that is used for this process. The model was created using a medium height individual and creating a slim exoskeleton using the 'Topology' function. This template model is a dense mesh designed to be morph-able into the shape of the subject in question. The template model includes an underlying associated biped model skeleton (Fig. 1) . 
Step 2:
Load the T-pose (colorless) scan into 3dsMax. Re-orient the template model to this pose. The skeletal portion of the template model (bones inside a mesh), is re-oriented to match the pose of the tpose scan and subsequently scaled to roughly match the subject height. Then, bones may require slight rotation or size adjustments as human body segments vary from person to person. Small adjustments must be made to correctly match the template model's skeleton to the actual subject's TPose exported in the data processing phase. (See Fig. 11 ) Fig. 11 . Conforming template model to T-pose mesh.
Step 3:
Conform the template model to the scanned mesh. The imported mesh is likely too large in some areas, and too small in others. The template model must be adapted to match the actual scan. This is accomplished using the 'Conform' function ( Fig. 12) to pull (or push) the vertices of the template model directly against the mesh of the subject In order to create a smooth mesh, often additional polygons must be created, then subsequently the 'Conform' function must be used once again. Once this is complete, the template model will match the hole-filled colorless t-pose. 
Step 4:
The template model is returned to match the CAESAR pose in order to import the color from that mesh. The texture-mapped CAESAR scan file is imported into 3dsMax. The template model human is then manipulated to match as closely as possible to the scan subject's posture (see Fig. 13 ). At this point the template model matches the original CAESAR Scan. 
Step 5:
Color-bake the CAESAR texture onto the template model. This is accomplished through the 3dsMax function 'Render To Texture'. The texture file from that scan (.bmp) will be 'baked' directly onto the template model. The model is then re-set to its T-pose state.
With these 5 steps complete, we are left with a texture-mapped obj file in a T-pose (Fig. 14) . 
Results
As a result of this process, we are left with 3D scan files that are useful to a large variety of researchers. The vertex-mapped ply files that are the result of the 'Data Processing' phase, provide a dense 3D mesh which could be useful for taking measurements, comparing 3D-shape, conducting Principle Component Analysis, etc. These files tend to be smaller, manipulate-able. They have the advantage of being easier to create and consist of only one file. The texture mapped obj file that is the result of the 'Color-Baking' phase is extremely useful for animators, though it can also be used for the wide variety of research purposes previously described. This file also has the advantage of being more visually pleasing to the average user, though it usually contains a fewer number of polygons, making the actual geometry slightly rougher. See Table 1 for a comparison of the two formats. 
Conclusion
The methodology developed by Infoscitex, allows for current generation 3D scanners to create meshes in poses deemed desirable by the largest majority of 3D scan users. As a result of this process, a very accurate T-pose mesh can be created with commercial software and a standard volume human scanner. Three scans must be taken of a given subject to generate a vertex-mapped file and an additional scan is required to generate a texture-mapped file.
